Objectives: This study aimed to evaluate the association of neck circumference (NC) with obesity to determine the sex-specific and age-specific optimal cut-off points of this measure in association with obesity in a national sample of the Iranian paediatric population.
INTRODUCTION
Childhood overweight and obesity has become a worldwide public health priority. 1 2 An accumulating body of evidence reveals the worldwide rapid growing prevalence of overweight/obesity in the paediatric age group. 3 4 These alarming patterns are now emerging in developing countries like Iran. 5 6 Situation analyses of problems in Iranian children and adolescents have shown that the prevalence of overweight and obesity is about 5% and 10%, respectively. 6 Body mass index (BMI) is the most widely used tool to assess the weight status in adults and children. 7 Despite its advantages including ease of measurement and interpretation, BMI is associated with significant limitations as not representing the body fat distribution. 8 9 Among other measures, wrist circumference is simple, easy to detect but not involved in the assessment of other parameters. 10 Waist and hip circumferences have some difficulties in clinical measurements; clothing is one major disturbing factor complicating their measurement. 11 Neck circumference (NC) has also been proposed as a potential proxy for obesity and cardiovascular disease in adults. 6 12 13 NC measurement is a simple and time-saving Strengths and limitations of this study ▪ Limited experience exists on the appropriateness of neck circumference as an anthropometric index. To the best of our knowledge, this is the first study in the Middle East and North Africa (MENA) region that evaluated the association of neck circumference with obesity. ▪ The large population-based sample size is a strength point of this study, and makes the results generalisable. ▪ The cross-sectional design of the study prevents us from deducing any causal relations between our findings. ▪ We were not able to measure fat mass as an indicator of obesity, so it was defined according to the body mass index.
METHODS Sampling
The data used in this study were obtained as part of a national survey on weight disorders conducted in 2011-2012 along with the fourth survey of a national schoolbased surveillance programme entitled the Childhood and Adolescence Surveillance and Prevention of Adult non-communicable disease (CASPIAN-IV) Study. We have previously described the methods of this study in detail; 17 here, we briefly point to some details relevant to the current study.
Total sample size was calculated as 25 000 students who were followed through multistage cluster sampling from urban and rural areas of 30 provinces of Iran. Stratification was performed according to the school grade (elementary, middle and high school) and living area (urban, rural). Eligible schools were stratified according to the information bank of the Ministry of Education. Students with a chronic disease, history of chronic medication consumption and those who were on a specific diet were not enrolled in this study.
Physical examination
A team of trained healthcare experts recorded information based on standard approved checklists and performed the examinations under standard protocols by using calibrated instruments. 18 Weight was measured in light clothing to the nearest 0.1 kg, and height was measured, without shoes, to the nearest 0.1 cm while the students were standing and with the shoulders in normal position. BMI was calculated as weight (kg) divided by height squared (m 2 ). 17 18 NC and WC were measured using a non-elastic tape to the nearest 0.1 cm over skin. NC measured by the tape underneath the Adam's apple contact with your skin at comfort position. WC detected midway between the iliac crest and the lowest rib in standing position. The maximum level of the hip without any pressure to the body surface to the nearest 0.5 cm was considered for measuring the hip circumference. We computed the waist-to-height ratio (WHtR) by dividing WC by height. Wrist circumference was measured with participants in a seated position from both wrists at distal to the prominences of the radial and ulnar and an average was taken. 17 18 Definition of terms Overweight was considered as BMI between the 85th and 94th centiles for age and sex, obesity as BMI equal to or greater than the sex-specific 95th centile 19 ; and abdominal obesity was defined as WHtR >0.5.
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Statistical analysis
Results for continuous variables are shown as means and 95% CI; categorical data are presented as a percentage. Differences among means were assessed by t-test. Pearson's correlation test was used to investigate the correlation between NC and other anthropometric measures. The receiver operator characteristic (ROC) curve analysis was used with an estimation of the variable's sensitivity and specificity in each gender stratified by age and age categories to assess the usual approach of specifying the cut-off values of NC for predicting overweight, obesity and abdominal obesity. The optimal cut-off point of NC for predicting overweight, general and abdominal obesity was defined as value, which represents the maximum sum of sensitivity and specificity in each gender stratified by age. 21 The area under curve (AUC) was used as an indicator of overall ability of using the NC cut-off point to discriminate participants with or without overweight, general and abdominal obesity. AUC: 0.5, AUC:0.5 to 0.65 and AUC: 0.65 to 1.0 were interpreted as equal to chance, moderately, highly accurate tests, respectively. 21 Data were analysed using survey data analysis methods in the Stata software (Stata Statistical Software: Release 12. College Station, TX: Stata Corp LP. Package); p<0.05 was considered as statistically significant.
Ethical concerns
This study was conducted according to the declaration of Helsinki (Seoul, 2008) . Ethical approval and any other required documents were given from the ethics committees and other relevant national and provincial regulatory organisations.
After complete explanation of the objectives and protocols for potential participants, they had the right to voluntarily participate in or withdraw from the study at any time. They were assured that their responses would remain anonymous and confidential. Written informed consent and oral assent were obtained from parents and students, respectively.
RESULTS
In total, 23 043 school students (50.8% boys) completed the study. The mean age of participants was 12.55 ±3.31 years without significant difference in terms of gender. Overall, 73.4% of participants were from urban areas and 26.6% from rural areas. Regardless of some aspects of exceptions in boys aged 8, 9, 17 and 18 years and girls aged 8 and 13 years, in both genders and in all age groups, the mean value of NC was significantly higher in those with overweight, general and abdominal obesity than in other participants. Table 3 presents the correlation of NC with other anthropometric measures. In both genders and in the whole population studied, wrist circumference had a strong positive correlation with all anthropometric measures. On the other hand, modelling of different situations of associations showed that wrist circumference, in crude modelling and models adjusted for age, sex and living area, had a statistically significant positive correlation with overweight, general and abdominal obesity (table 4).
As presented in table 5, in all age groups and in both genders, NC performed relatively well in classifying participants to overweight (AUC: 0.67 to 0.75, p<0.001), general obesity (AUC: 0.81 to 0.85, p<0.001) and abdominal obesity (AUC: 0.73 to 0.78, p<0.001). Figures 1-3 show the ROC curves of NC for predicting overweight, general and abdominal obesity by age categories. The AUC was statistically lower in students aged 14-18 years than in those aged 7-10 and 10-14 years in those participants with overweight, general and abdominal obesity. Table 6 presents the optimal cut-off point of NC to predict the presence of overweight, general and abdominal obesity with their corresponding specificity and sensitivity by gender.
DISCUSSION
Our findings show a significant association between NC and other anthropometric measurements of obesity in both genders of a national sample of the Iranian paediatric population. These evidence from a large population-based study, proposed that measuring of NC can be considered as an easy-to-use clinical marker and novel predictor of obesity.
Obesity/overweight become most arguably serious chronic health problem of children in most populations. 16 Many studies have linked increased adverse health outcomes of childhood obesity even as short-term or long-term consequences. 1 2 4 Controlling the epidemic of childhood obesity, detection, early prevention and treatment of childhood obesity are important priorities that need accurate diagnostic measures. 5 Screening and monitoring tools must be low-cost, quick and easy to use, and generally acceptable to both patients and health practitioners. 12 14 Some studies conducted in adults revealed the value of NC as a simple screening tool for identifying individuals with high BMI 6 or confirmed the association of NC with other obesity indexes. 14 22 However, limited experiences exist on the potential value of NC measurement as an index of obesity in the paediatric age group. 14 22 23 A limited number of studies exist on the reference data set of NC in children; the Canadian Health Measures Survey and Identification and Prevention of Dietary-and lifestyle-induced health Effects in Children and infants 'IDEFICS' have presented such data. 24 25 No previous large study has been conducted in the paediatric population of the Middle East and North Africa region.
NC can be used as an additional measure to screen children with overweight and obesity as suggested by Nafiu et al. 12 Previous studies have found that NC, as a single marker of the upper body subcutaneous fat, seems a novel identity of pathogenic fat deposit. 26 NC above the 50th centile is also proposed as a sensitive, valid new tool and a sensitive predictor of overweight/obesity (BMI>85th centile). 24 In one study, the cut-off values that showed higher sensitivity and specificity for NC to detect overweight in pre-pubertal and pubertal girls were 28.25 and 31.35 cm, respectively. 27 Some other investigations revealed a significant association between NC and increased risk of adverse health consequences of excess weight. 25 28 In some previous research, NC has been highly correlated with WC and BMI all in all gender-age groups. Our findings are consistent with a study in Brazilian adolescents that found a high prevalence of elevated NC and its association with BMI, WC and body fat percentages. 29 It suggested that upper body subcutaneous fat, obtained through NC measurement, could possibly represent greater metabolic risk than visceral fat. 27 A study of Han children aged 7-12 years also showed a significant correlation of NC with age, BMI and WC in both genders. These findings proposed NC as a simple, inexpensive and accurate tool for identifying overweight and obese children. 30 Validation of NC against WC and BMI, which is reported by Hatipoglu et al, 14 showed that NC could be served as an easy way to determine overweight and obesity in children, indicating good correlation with cardiovascular risk factors. Consistent with this study, NC also performed well as an index of high BMI in young children and adolescents of both genders, in previous research. 10 12 14 Some studies also emphasised on predictive value of NC in detection of children who are at risk of central fat distribution, or even poor cardiovascular health. 10 14 31 32 For instance, a cross-sectional study conducted among 1058 children aged 6-18 years revealed that the joint presence of wide NC and higher BMI was associated with a significantly higher prevalence of elevated blood pressure (BP). 33 Another study in 324 Greek children aged 9-13 years found that NC was associated with most cardiovascular disease (CVD) risk factors. The study showed that the association of NC and CVD was comparable to the observed relations of BMI z-score, WC, hip circumference (HC), waist-to-hip ratio (WHR) and WHtR. 34 In line with these studies, NC measurement was indicated as a reliable anthropometric index to predict children with cardiometabolic disease. 32 NC measurement is a reliable and inexpensive index, with easier measurement than other indexes of adiposity, that is, WC and BMI. 6 32 35 In addition, measurement of NC may be used as a predictor tool for obstructive sleep apnoea, especially in obese children. 23 36 Furthermore, neck-to-waist ratio, as an index of body fat distribution, could predict obstructive sleep apnoea in older children and adolescents, especially in those who are overweight and/or obese. 28 This study was the first of its kind to find the association of NC and anthropometric indices in the paediatrics in Iran. A nationwide survey and large sample size could serve the data representative in Iranian children and adolescents. These findings might be practical for health policymakers. Methodologically, using the best updated fitted methods on almost gathered qualified data led to more accurate estimations.
However, the study had some limitations that should be considered in interpreting the data. First, the crosssectional nature of the study, to some extent, limits its interpretation as to causality of associations. Figure 1 Receiver operating characteristic curve of neck circumference for predicting obesity in Iranian children and adolescents by age categories. ROC, receiver operating characteristic. Figure 2 Receiver operating characteristic curve of neck circumference for predicting overweight in Iranian children and adolescents by age categories. ROC, receiver operating characteristic.
Furthermore, in this study, we were not able to measure fat mass as an indicator of excess weight, and obesity was defined according to BMI. Moreover, as in ROC analyses, the predictive values and likelihood ratios depend on the overall outcome prevalence (childhood obesity/ overweight), conclusions may not be applicable to other far different populations 37 and these results are exclusively applicable at a national level, and possibly at a regional level.
Conclusion
Consistent with some previous studies in children and adolescents, the findings of the present investigation showed that NC could be proposed as an index of obesity/overweight in both genders of the paediatric age group. We propose that NC could be a useful screening measure for identifying overweight or obese children and adolescents at the population level. Figure 3 Receiver operating characteristic curve of neck circumference for predicting abdominal obesity in Iranian children and adolescents by age categories. ROC, receiver operating characteristic. 
